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ABSTRACT 

In the framework of linearized non-minimal supergravity (20/20), we present 
the embedding of the R + model and we analyze its field spectrum. As usual, 
the auxiliary fields of the Einstein theory now become propagating, giving rise to 
additional degrees of freedom, which organize themselves into on-shell irreducible 
supermultiplets. By performing the analysis both in component and superspace 
formulations we identify the new supermultiplets. On top of the two massive 
chiral superfields reminiscent of the old-minimal supergravity embedding, the 
spectrum contains also a consistent physical, massive, vector supermultiplet and 
a tachyonic ghost, massive, vector supermultiplet. 
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1 Introduction 


Supergravity, [1], as the low energy limit of superstring theory, offers the proper setup 
to study high energy gravitational phenomena. Among others, it provides an appropriate 
framework for the accommodation of cosmic inflation. The constraints on the latter released 
by the Planck collaboration [2] favor inflationary models which are characterized by plateau 
potentials with a tiny tensor-to-scalar ratio r [3]. Among the candidates is a higher curvature 
gravitational model, the Starobinsky model of inflation [4] 

^g-^C = \MlR + ^-R^ . ( 1 ) 
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which stands out for its simplicity in providing a microscopic description of the mecha¬ 
nism responsible for the quasi de Sitter phase during inflation. This is a particular higher 
curvature gravitational theory of the type described in [5]. It is classically equivalent to a 
theory of standard gravitation coupled to an additional propagating real scalar degree of 
freedom [6], with a sufficiently flat potential at large values, ideal to drive inflation. 

However, it is a well known fact that AD, J\f = 1 supergravity does not have a unique 
off-shell description. There are two popular minimal formulations with 12 bosonic and 12 
fermionic off-shell degrees of freedom (12/12); the old-minimal [7] and the new-minimal [8,9] 
supergravity. In addition, there exists another one with 20 bosonic and 20 fermionic off-shell 
degrees of freedom, which still fill an irreducible supersymmetry multiplet, the 20/20 non- 
minimal supergravity [10]. The Starobinsky model has been embedded in the old-minimal 
formulation [11-15] as well as the new-minimal formulation [14,16-19] along with various 
modifications [20-32]. It has also been studied in the framework of gravitino condensa¬ 
tion [33,34]. Nevertheless there is no analogue discussion for the non-minimal formulation 
of supergravity. The purpose of this work is exactly that: to demonstrate the construction of 
the R + R^ Starobinsky model in the framework of non-minimal supergravity. For complete¬ 
ness, we would like to comment that there exist another non-minimal formulation [35-38] 
with 16/16 degrees of freedom. However it is not an irreducible representation and can be 
decomposed to old-minimal supergravity with a chiral supermultiplet. 

To outline the procedure, we start with the free theory of nonminimal supergravity 
which includes a set of dynamical components that describe gravity (helicity ± 2) with 
its superpartener, the gravitino (helicity ± 3/2) and another set of auxiliary components 
just so the SUSY algerbra will close off-shell. Afterwards we introduce the higher curva¬ 
ture terms of the form R^. Due to the higher derivatives, the auxiliary fields of the free 
theory start propagating and organize themselves into supermultiplets. Nevertheless, these 
supermultiplets will have to be on-shell because only their dynamical degrees of freedom 
appear in the action, no auxiliary fields. The goal is to uncover these newly formed on-shell 
supermultiplets and their properties. In order to do that, we quickly realize that, we do 
not need to start with the full theory but its linearized version will do. The results of this 
analysis for the case of old-minimal supergravity [11,12] are two physical, massive, chiral 
supermultiplets and for the case of new-minimal supergravity [16] is a physical, massive, 
vector supermultiplet. 
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Linearized supergravity is nothing else but the theory of massless, irreducible represe¬ 
ntation of the super-Poincare group with superhelicity y=3/2. The superspace and compo¬ 
nent formulation of the massless, arbitrary superhelicity, irreducible representations and 
their properties have been studied in detail in a series of papers [39-41], For our purpose, 
we will use the formalism and the results of [39] and adapt them for the case of superhelicity 
y=3/2. 

The presentation of this work is organized in the following way. In Section 2 we briefly 
review the results of [39] for the case of linearized, non-minimal supergravity in both su¬ 
perspace and components. Then in section 3 we construct the B? action in superspace and 
project to components. In section 4 we combine the two previous results to construct the 
Starobinsky model {R+B?) in this framework and study its spectrum. We perform the ana¬ 
lysis at the component level for both bosons and fermions. At the end we verify our results 
by performing a duality in superspace that reveals exactly the same spectrum and demon¬ 
strates the classical equivalence between the R + B? theory of non-minimal supergravity 
and the standard non-minimal supergravity coupled to two massive chiral supermultiplets, 
a massive vector supermultiplet and a tachyonic ghost, massive vector supermultiplet. An 
interesting remark is that all of the massive supermultiplets turn out to have equal masses. 

2 Superhelicity Y as Linearized Non-Minimal Supergravity 

From the investigation of free, massless, higher superspin theories [39] we can extract the 
AD,M = I superspace action for linearized non-minimal supergravity 

Sr = j 

- 2 + c.c. 

- 2 + c.c. (2) 

+ 2 x“D,D"xa} , 


which contains the real bosonic superfield Haa and the fermionic superfield Xa as a compe¬ 


nsator. The action is invariant under the following transformation 

dcddaa — DoAq, Dq-Lq,, (3a) 

ScXa = -h D^A„^, (3b) 

which forces the following Bianchi Identities 

D'^Taa - = 0, (4a) 

—D(aGy3) = 0. (4b) 

The superfields and Ga are the variations of the action (2) with respect to the uncon¬ 
strained superfields Haa and Xa- Their explicit expressions are 

Taa= + 2 (D^D^Xa ~ DqD^Xo) ) (5a) 

+ 2D,D“xa. (5b) 
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The two superfields Taa and Ga in (5) have mass dimensionality [Tad] = 2, [Ga] = 3/2^. 

To prove that indeed this action describes the desired representation, using the equations 
of motion we can now show that a gauge invariant chiral superfield Fap-^ exists ([Fq,^^]=5/2) 

FaM = (6) 

and on-shell {Tad = Ga = 0), it satisfies the desired constraints in order to describe a 
super-helicity Y=3f2 system 

^aFaiS'Y = 0 , = 0. (7) 


At the component level, the above superspace action describes the dynamics of the 
following bosons 


1 


= X {T>aGd — T>dGa^ 


S=\ {D^Ga + D“Gi} I, P^-'- 1, 


= —— IDqGq -|- DqGq-} 

1 

2 


( 8 ) 


A-nd — Ta 


1 


+ 2 {^aGd — T)dGa) 1 , 


^a/3A/3 — 2(2!)2 

h=\ [D“, D“] Had\ + ^ (D“x„ + D^Xa) I, 

namely, in 4-component notation, of three vectors (Aad), {uad) and {vad), three 
scalars {S,P,h) and a symmetric traceless rank-2 tensor (the graviton) The 

corresponding gauge transformations acting on the bosons are 


^cAad — 0 , ^G'^ad — 0 , ^GUad — 0 , 


= 0 , 6gP = 0, 

1 


(9) 


SGh 


al3a$ 


( 2 ! 


112 


9(a{dCi3)0)i 


5Gh = ^d^‘^Cad , Cad='-{BaLd + 'DdLa)l 

which leave 4 degrees of freedom for each vector, 1 for each scalar and 5 for the symmetric 
traceless tensor, a total of 20 degrees of freedom to fill the bosonic part of the non-minimal 
irreducible supersymmetric multiplet. The bosonic sector of the Lagrangian density is 

Pr\s = ^h=±2 + I U^^Uad - ^ V^'^Vad + ^ - I SS - ^ PP, (10) 


where Ch =±2 describes a massless helicity ±2 particle 

Fk=±2 = - le^^^dadd'^^K.df, + 2 h^^^^dadd.^h - 6 hOh, 


'7/37/3 


TP 


( 11 ) 


2 5-^] I linearized) 


and <7i?] I linearized is the linearized Einstein-Hilbert Lagrangian, keeping only the terms 

quadratic in the fields. At this linear approximation, the Ricci scalar takes the form (up to 
an overall normalization) 

R = - GD/r, (12) 


^The highest spin component of is a propagating boson. 
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and its mass dimension is [R] = 3. The Ricci scalar is part of the completely antisymmetric 
96 term in the expansion of the superheld, specihcally 

[D“,D“] Taa\ = -AR - (13) 

Also, the linearized Ricci tensor is 

and it resides in the fully symmetric part of the 96 term of Taa 

1 r - 1 2 

while it satisfies 

= 0- (16) 

Similarly for the fermionic sector, we have the following components 

pa. — G(;y\ , 

/2 - 

i'aPa = -^D^D(a-f^/3)al , (17) 

= -V2 + 2D2x,} |. 

The gauge transformations of the fermionic fields are 

^GPa = 0 , Sci^aPa = 

Scl^a = 0 , Sc'lpa = —da^'Ca, (18) 

with = —iV^ D^La|. The corresponding free Lagrangian is 


^r\f— ■^h=±3/2 +l^°'Pa +P^Pa, (1 

where £/i=j_ 3/2 describes a massless Rarita-Swinger field (gravitino with helicity ±3/2) 

^h=±3l2 = ± (^'4’°'^°‘di3a'tJja + C.C^ . (^ 


The linearized fermionic curvatures are 

Qj 

Ra = i\/25^^V'a/3/3 + -^da°"4’a, 

RaPa = ~^d(^a^1pp)a/3 + 

and they are the (anti)symmetric part of the 9 term of superheld T^a 

21 ll((i7/,/3) I T^ad/S’ 


(21a) 

(21b) 

(22a) 


Finally they satisfy 


D“r„^| = - 4/3, - ida^pa. 

»“ = 0- 


(22b) 

(23) 
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3 Constructing the theory 


Now we turn to the construction of a gauge invariant, higher derivative superspace action, 
such that it will generate B? terms. The reason that we restrict ourselves only to B? terms 
and we do not include for example the square of the Ricci tensor, or equivalently the Weyl 
tensor square, is that the inclusion of the latter terms will lead to ghost and/or tachyons 
states in the spectrum [5,11] . 

To proceed in our cosntruction, we recall that the available gauge invariant objects are 
the superfields Tq^, Ga and However due to its chiral property and its index 

structure, it can only couple to itself, giving a term of the form Fa/ 37 - But such an 
object will give rise to the square of the Weyl tensor, so it is rejected. The rest of the objects 
could be combined in many different ways. We organize them in the following manner. 

The general structure of all possible terms that we are interested in, are schematically 
of the form 

T” G\ (24) 

which means that any possible term will include n T^a’s, k superspace covariant derivatives 
and I Go’s. The dimensionality of these terms is 

^ k 2>l 

2n + - + y. (25) 

Then, if we project to components, we have to integrate over superspace (T" |, 

and therefore the mass dimension of the component terms that we can, in principle, con¬ 
struct is 

2n + ^ + | + 2. (26) 

The finall step is the fact that the desired B^ term has dimensionality 6 and we require to 
have expressions quadratic in the components (linear approximation). Therefore we must 
have 

k T 

2n + ^ + y + 2 = 6, (27a) 

n + l = 2. (27b) 

The solutions of this Diophantine system, and the corresponding terms allowed are given 
in the following table 


n 

k 

1 

term 

2 

0 

0 

'~pacxn~' 

^ aa. 

1 

1 

1 

r“"D«G„ + c.c. 




G“D„D“G^ 

0 

2 

2 

G“D"D„Ga 




G“D2G„ + c.c. 


Note that we have not included the term G"D^Gq--|-c.c. since it is zero due to (4b). Moreover 
because of equation (4a) the terms F^^Dq-Gq, -|- c.c. and G"D^Gq, -|- c.c. are identical. 
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Hence the E? superspace action must be of the form 

5^2 = J <fz + ( 72 G“D“D„G^ + (^sG^D^G^ + c.c.)} (28) 

where go ^ 91 7 92 £ Now what remains is to project this action to components and pick 
the coefficients in a way such that we generate terms and canonical kinematic terms for 
any additional propagating fields. 

The component Lagrangian we get from the above action (28) is 

Cr2 =5oD2D2(r““T„i)| + 5 iD2d2(G“D„D“G«)| (29) 

+52D2d2(G“D“D,G^)| + {53D2d2(G“D2G,)| +C.C.} . 

The basic rules for projection are 

1. Use the ‘Leibniz’ rule 

&D^{AB)\ =&D^A\B\ + {-iy^^^DPD‘^A\DpB\ + 

+(_l)d^)D2D/’H|DpH| - + {-l)<^'^BPA\T)‘^BpB\ 

TD^TID^HI + {-l)<^'^BPA\BpB‘^B\ + (30) 

where e is zero for bosonic and one for fermionic superfields. 

2. Use the Bianchi identities (4). 

3. Use the component definitions of (8) and (17). 

First we focus on the bosonic sector of the theory, therefore we restrict the above calcu¬ 
lation to the bosonic part of the projection. That means, we keep only the terms with even 
number of D’s when acting on a bosonic superfield (like Taa) and with odd number of D’s 


when acting on a fermionic superfield (like Ga)- We get 

= ^o\b + hie + hie + h\B7 (31) 

with 

lols =l/oD2D2(r““r,i)l3, (32a) 

Iil^ =5 iD2d 2(G“D«D“G«)|^, (32b) 

72|s =52D2d2(G“D“D,G^)|^, (32c) 

IsIs = g3&B\G'^&Ga)\s + c.c. (32d) 


It is evident that Io\g includes a term proportional to [D(p, D(p] 

which based on (15) makes it obvious that it generates the Ricci tensor square, 
a term that is not considered here (as it leads to ghost and/or tachyonic states [5,11]). On 
top of that, such a term can not be canceled by any of the other contributions to the bosonic 
Lagrangian. Therefore the only possibility out of that, is to choose 


90 = 0. 
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The rest of the terms are relevant and after putting everything together, we find that 
the total bosonic sector is 

I^rAb = \[9i-92- 93 ] 

+ ^ [4ffl -92 + “^ 93 ] 

[ 4 (/i - 792 + 85-1^] + [g2 - 2 g^] u"“nu„a 

+ [451 - 7g2 + 8^1^] + [g2 + 2g^] v^^Dvaa (34) 

+2[4gi-5g2 + 6gi] v^'^d^aR +M 
+ -91 + ^92 505 + [ 2 ^ 1 ] A^^daaR 

+ -91 + ^92 POP + [-4gi] 

“4 [gi — <72 + 53 ^] R^ + “ U°^^daaR, 

where g^and g^ are the real and imaginary parts of gs. Notice that the higher curvature 
terms are accompanied by kinematic terms for all the previously auxiliary fields. This is a 
standard property of higher curvature supergravity. 

Similarly, we find that the fermionic sector is 

PrAf =-4 [451 - 7g2 + 8g^] i/3“5"«/3„ 

[^S'l “ ^^92 + 85 !^] ip'^nd^^aPa 
+ [dgi + 3^2 - 85 !^] /3“npa + c.c. (35) 

+ [ 52 ] iR^d^^aRa 
-4 [52 - 5 - 3 ] ii3‘^d°'aRa + c.c. 

- [92 - 93 ] p'^ORa + C.C. 

4 The spectrum of R + non-minimal supergravity 

So far we have developed the superspace action for the R and R^ theories. In this section 
we combine them in order to study the spectrum of the R + R^ theory. Specifically we will 
analyze the propagating degrees of freedom of the Lagrangian 

P = Pr H- 2^r? ■ (36) 

To do this we must first bring the full Lagrangian into a diagonal form and subsequently 
study their field equations. Typically one can achieve that, by doing redefinitions of the 
various fields and a clever choice of coefficients. But, in this case due to the fact that the 
Cr is already diagonal, we can not perform any redefinitions and the only thing left to do 
is to choose appropriately the coefficients of the non-diagonal terms. 
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4.1 Bosonic sector spectrum 


1 

} 91 = -^9 , 92 = 93 = 9 , 9 ^ 


( 37 ) 


Following the previously explained strategy, we must impose the constraints 

4(/i - g2 + 2g^ = 0 
451 - 552 + Gfirf = 0 
53 = 0 

With the above coefficients (37), we find that the linearized, bosonic part of the component 
Lagrangian is 

^\b — ^h=±2 + “^7?^ 

I ^ 4"" 4 . _4““/l A ■ 

“T ^ -^OLOi ^ O ^0.0!.^ -^RR 

16 16 

+ ^ u'^'^Uaa - rt““ntta« 




-X +3^ V°‘°'\JVaa 




(38) 


3 

4 


-X + 505 


-F + 7 A 

8 4 

The equations of motion for the various fields and the degrees of freedom they allow to 
propagate are: 


1. For Aaa we have 

2 

_ 3^9^. a/3/3^ 0 -- (39) 

PP 

From the left equation we see that three of the degrees of freedom of the vector field 
Aad remain auxiliary and are solved in terms of the scalar d°^'^Aad- From the right 
equation we see that for 5 > 0 , d°‘°^Aad is a physical, real, propagating, massive scalar 
with mass g‘^=m?/6g. 

2. For Uad we find 

1 g TTh^ 

— Uad n^Uoid — 0 IIIIUq,q — — Uad’ (40) 

D bg 

This describes the propagation of a real, massive, scalar 9 ““uq,q, with equations of 
motion and mass g?=m?/Qg, and the propagation of a real, 

massive vector with the same mass described by the divergent-less field defined as 
Uad=Uad — dadd^^ug^, with equations of motion \I\uad=^Uad’ Both of them 
are tachyonic ghosts (for 5 > 0) since they appear in the Lagrangian with an opposite 
overall sign. 

3. For Vad we have 

1 g TO^ 

^Uad T 3 ^IIIIUq,q. — 0 \Z\Vad — ~p, Uad’ (41) 

2 bg 

As before this equation includes both the spin zero part, described by d^°‘Vad and 
the spin one part , described by the Vad=Vad — ^dadd^^Vgg. Both of them have the 
same mass /bg and are physical for g > b. 
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4. For S we find 


-^s + s^ns ^ ^s = ^s, (42) 

2 bg 

which describes a physical {g > 0), real, massive propagating scalar with mass 
IJ,‘^=m?/bg. 


5. For P we find 


--p + sA^dp \JP = —P. 


Same as S, it describes a physical {g > 0), real, massive propagating scalar with mass 
fj,‘^=m?/bg. 


b. The gravitational sector of the action is 


= J (fxCh=±2 + ^ y d^xR^, (44) 

which can be re-expressed with the help of a Lagrange multiplier cj) in the following 
form 

S'\g = J d^xCh=±2 + f J d‘^x(j)R — J d'^xc/P', (45) 

where [(/>] = 1. Now we perform the following redefinition of h 


The change of £^=±2 is 


and the change of R is 


Therefore we get for 5'| 


h ^ h + c(f). 


5Ch=±2 = 2c4>R — bP(j)\I\(j), 


5R = —bc\I\(j). 


5'|g = J d'^xCh =±2 + (2c + /) y d'^xpR 

—6c(c-|-/) y d'^xpHcf) ~ J dPxcfP. 


We choose c such that the cross term vanish 


2c + / = 0, 


hence we get 


5'L = / d^xCh=, 


-\—/ d^x(f)D4> — —rnP / dPx</P, 

2 J 4c/ J 

which describes a helicity ±2 and a physical (for g > b), real, massive, scalar </> with 
mass gp = mP/{bg). 

To summarize, beside the helicity ±2 system, the spectrum organizes into two physical mas¬ 
sive chiral supermultiplets {d°‘^ Aaa .,</>) and {S,P), one physical massive vector supermulti- 
plet (uqu, 9“"uq,q,) and one tachyonic - ghost massive vector supermultiplet {uaa, d^^^Uaa). 



4.2 Fermionic sector spectrum 


In order to verify the fermionic spectrum, we start with equation (35) and make the same 
choice of coefficients as in (37), which give 

C\^ = + 13^Pa - (52) 

+^"pa - + Ak^d^aRa- 

The equations of motion for the various fields are 


1. From Pa and Pa we find 


2 2 
m _ m _ 

PPPa — Pa ) DPo — yj Pai 
6g 6g 


which describe a pair of massive Weyl spinors with Dirac mass = wP/{Qg). 


2. From pa and pa we find 


UPa = —Pa , UPa = —Pa, 

6g 6g 


which again describe a pair of massive Weyl spinors with Dirac mass = rnP/pog). 
Note that, in order to reveal the fermions that belong into the tachyonic - ghost vector 
multiplet, we have to diagonalize the Lagrangian (52). Once we do that, we will get 
one positive and one negative eigenvalue, which signals the propagation of one physical 
and one tachyonic - ghost fermion. 

3. The rest of the action includes and Ra and can be expressed in the following 


S'\p = / d'^xCh=±3/2+ig / (Tx Cd'^aC 


+m I d^x </>“ j Ca-r + c.c. 


Now we redefine pc 


The change of T/j=± 3/2 is 


Pa ^ Pa + dpo 


and the change of Ra is 


So we get that 


-h=±3/2 

-^\d\^ip'^d^aPa, 


5Ra = ^ida°‘pa- 


S% = j d‘^xCh=±3/2+ig J d'^x Cd'^aCa + m J d'^x {(/>"Ca + </>"Ca} (59) 


+ 1 ) / df^x p°‘Ra + C.c. 




p°‘d^apa- 



Finally we choose d in order to cancel the interaction term with 

d + 2\/2 = 0, (60) 

and we get 

S'\p = j d*xCh=±2,/2+ig J d^x C“9"dCa + 6 i J d'^x (61) 

+m J d*x {0“Ca + 0“Ca}- 

The equations of motion from Lagrangian (61) on top of the massless gravitino, give 
two massive Weyl spinors with Dirac mass = m?/{Qg). 

Therefore the spectrum of fermions gives, as expected, the same structure. 


4.3 Superspace Duality 


From our previous considerations, we find that this higher curvature theory has additional 
propagating degrees of freedom. Since this is a supersymmeric theory it should be possible 
to identify the multiplet structure of these new degrees of freedom directly from super¬ 
space manipulations. In other words we expect to find that our higher curvature theory is 
classically equivalent to a particular set of matter fields coupled to standard non-minimal 
supergravity (i.e. a supergravity with no higher curvature terms). The Superspace action 
for the above choice of coefficients is of the form 


S=Sr f 

4 J 

+ At[ (62) 

J 

+ / d^zG^t)‘^Ga + C.c. 

J 


for the chiral and the real vector Vaa='>'i^aGa + ^aGa)- The action (62) can be 

re-written as 

S= Sn+mk [ d^zTiS - )+mk [ d^zT(S -) + t f d^zSS (63) 

J m J m AJ 

+l J 

where T ([T]=0) is an unconstrained scalar superfield, S ([S']=l) is a chiral superfield and 
Fact ([Ta(i]=0) is a real vector superfield. Indeed, the equations of motion of T and Fa^ 
lead to the original action (62). Now we perform the following shift 


Xa Xa + cDo-T -|- idU'^Faa 


(64) 
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under which we find 




5 =SR+mk j (fz [TS + TSj + ^ J d^zSS + J 


4 / 

J 

-[k + c] J d^z {Td> + Ti} + [l + d] J d^zF^^Vaa (65) 

+ [4A:d + Acd + 4k] j d^zT&d‘^'^Fc,a + c.c. 

-[16A:c + 8 c 2 ] j d^zT&D^f 

+ [Y+^rf] J + 

We now choose coefficients c and d to eliminate the cross terms involving superfields 4> and 
Vad respectively, which gives c = —k and d = —I, leading to 

P 


S=SR+mk I d^z{TS + fS} + A, / d^zSS + m'^— I d^zF^^F^a 
I .1 2g 


-Aik d^zTD^d^^Fad+c.c.j +8k^ j d^zTD^D^T 

f dh[F^^[B^,Dd][B^,Bd]F^^ + 3dc,dd^dF^.Y 


( 66 ) 


It is obvious that, the above action contains linearized non-minimal supergravity with no 
higher curvature terms and an independent additional matter sector. Before we conclude 
let us study the on-shell superfield content of the matter sector, and compare to our findings 
from the component discussion. 


The equations of motion for superfields Fad , T , S are 

4? =-l^Pa,t)d]P^T)^]Fgg-3Pdadd^f^F^^ 


(67a) 


P 


FAlkdad (D^r + D^f) + -m^Fad, 

9 


- AlkWd^^Fad + mkS, 


(67b) 


£:^= -^D^S-mfeD^T. (67c) 

4 

Looking for the solution of the above equations, we do the following ansatz: 

Fad = dadV + [Da,Bd]W + ^Oad (D^T + D^T) , ( 68 ) 

where V and IT are on-shell, real, superfields which they satisfy the constraints D^V = 
D^T = 0, D^IT = D^IT = 0 and we have for their equations of motion 

D'^D^D.yT + KvmV = 0 , D^D^D-^IT + KwmW = 0. (69) 

By doing that, we realize that there are two on-shell chiral supermultiplets, described by 
the chiral superfields D^T and S and they satisfy the following equations of motion 

□ (D^T) = Krm'^i&T) , DS = Ksm^S . 
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(70) 



( 71 ) 


The above equations (69) and (70) solve the system (67) if we set 

Kv = Kw = kt = Ks = , k = - — ■ 

6g 12g 

From (69) and (70) we see that indeed we get two vector supermultiplets and two chiral 
supermultiplets with equal masses The final expression for the superspace action 

is 

S=Sr-^- [ dh{TS + TS} + ^ [ d^zSS + m^^ [ d^zF^^F^a 
12 g J ^ J 2g J 

+r^ J d^zT&D^f + (^ / d^zT&d^'^Fo,^ + C.c}j (72) 

where g and I are free, non-zero parameters. Furthermore, due to the different integration 
by parts properties of the two operators daa and [Dq,,Dq,], we immediately conclude that 
there will be an overall minus in front of the terms quadratic to W, illustrating that, the 
W massive vector supermultiplet will be a tachyonic ghost one. The above performed 
superspace duality demonstrated the classical equivalence between the higher curvature 
non-minimal supergravity theory and the non-minimal supergravity with the addition of a 
specific spectrum that we are expecting from the previous component discussions. 

5 Conclusions 

In this work we have studied the spectrum of the Starobinsky model R + R^, embedded in 
the framework of non-minimal supergravity. We have utilized the linearized theory since 
it is sufficient for the understanding of the field content. As expected from a supergravity 
theory, on top of the scalaron degree of freedom, there are previously auxiliary fields which 
now pick up kinematic terms due to to the new action. We have identified these fields and 
the way they organize inside supermultiplets. Our findings show that the 20/20 higher cu¬ 
rvature supergravity is classically equivalent to a 20/20 supergravity coupled to two vector 
supermultiplets (one of which is a tachyonic ghost multiplet) and two chiral supermulti¬ 
plets with equal masses. Therefore, the embedding of the R + R^ theory in non-minimal 
supergravity is reminiscent of the corresponding embedding of the general quadratic grav¬ 
ity (with R^ and Weyl square terms) in minimal supergravity, as in both cases unphysical 
states appear in the spectrum. 
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